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INTRODUCTION. 


One of the most important questions in the preservative treat- 
ment of wood is the cost of the preservative. Particularly is this 
true when creosote is used, and anything which will tend to reduce 
the cost of this preservative without decreasing its efficiency will 
be a direct aid to the industry. The use of tar and creosote mix- 
tures in the preservative treatment of wood has increased rapidly in 
recent years, particularly in the treatment of wood paving blocks. 
This is due largely to the fact that the tar and creosote mixtures 
can be produced more cheaply than can creosote containing no tar. 
There are two other factors, however, aside from cost which must be 
considered as affecting the use of tar and creosote mixtures. A 
preservative treatment, to be effective, should show good absorption 
and penetration and the preservative must be toxic to wood-destroy- 
ing fungi.’ 

This paper reports the results of an investigation into the effect 
of tar in creosote upon absorption and penetration of the preservative. 
The study was made at the Forest Products Laboratory, maintained 
by the Forest Service, United States Department of Agriculture, in 
cooperation with the University of Wisconsin at Madison, Wis.? 

1 Tn general the toxicity of tar and creosote mixtures is sufficient to warrant their use in preserva- 
tives. Toxicity of wood preservatives is discussed in Bulletins 155 and 227 of the Department of 
Agriculture. 


2 Acknowledgments are made to Mr. F. M. Bond, formerly of the Forest Service, under whose 
direction a portion of this work was done. 
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The most important variables in the treatment of wood affecting 
absorption and penetration are: (1) The species, character, and con- 
dition of the wood; (2) the properties of the oil; and (3) the methods 
of treatment. To elimisate the variability due to species, and re- 
duce that due to the character and condition of the wood, the ex- 
periments were confined to wood of one species (longleaf pine), and 
so far as possible specimens of uniform quality were selected. This 
made more readily determinable the relative importance of varia- 
tions in the oil and in methods of treatment. 

The relative absorptions and penetrations were determined i 
two forms of tests: 

1. Penetrance tests, in which the preservative was applied to a 
small area in the specimen and measurements made of the penetra- 
tions secured.! 

2. Impregnation tests, in which the specimens were treated with 
the preservative under pressure in a cylinder. 

The bulletin describes (a) tests made with mixtures of coal-tar 
creosote and coal tar from which the free carbon had been removed 
and similar mixtures containing varying amounts of free carbon; 
and (b) tests made with commercial coal-tar creosotes. The object 
in both cases was to determine the effect on penetration of differences 
in the preservative. : 

The bulletin also gives the results obtained in experiments to deter- 
mine the effect of varying pressure, time of treatment, and tempera- 
ture. The object of these experiments was to determine whether, 
by increasing the time of treatment, intensity of pressure, and tem- 
perature of preservative, absorptions and penetrations could be 
obtained with tar and creosote mixtures equivalent to those ob- 
tained with creosote, and to determine which of these factors was the 
most important. 

MATERIALS USED. 


WOOD. 


Selected air-dried heartwood of longleaf. pine was employed in all 
of the experiments. ‘The specimens used in the penetrance tests 
were approximately 2 inches by 4 inches in cross section and of 
varying lengths from 18 inches to 24 inches. Pieces cut from the same 
stick were regarded as matched and were designated as a set of 
specimens. ‘Test pieces selected in this manner were more uniform 
in structure than unmatched material, and the variables introduced 
by differences in structure were thus reduced. From two to four 
sets of matched specimens were used in each series of tests, the results 
being averaged for each test. Where these results are represented 
graphically, each figure includes only tests with such matched speci- 


1A Fite oft the apparatus used (fig. 14) is given in the Appendix. 
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mens, and comparisons can not be made by combining data used in 
separate figures. 

The number of specimens used in each test is shown in the tables 
in the appendix. Specimens for the cylinder treatments discussed 
on pages 6 and 9 were paving blocks 4 inches long cut from two sticks 
of air-dry commercial paving block stock approximately 4 inches by 
8 inches in cross section. In each of the tests a treatment was made 
on one block from each stick, thus giving two blocks treated with the 
same preservative. Blocks used in the tests on the effect of varying 
time, pressure, and temperature were all cut from the same stick, 
the material being similar to that used in the impregnation tests. 
Four blocks were treated with each preservative. In all of the im- 
pregnation tests, the results for each treatment were averaged. 

Comparisons of individual tests from different sets of specimens 
should not be made, because such comparisons would not represent 
matched specimens. Specimens in the different sets may have been 
obtained from different trees. 


PRESERVATIVES.! 


Six commercial coal-tar creosotes from different sources and of 
varying specific gravities and five coal tars from by-product ovens 
and gas-house plants were used in the experiments. The general 
characteristics of these preservatives were as follows: 


Characteristics of preservatives used. 


Coal-tar creosotes. Coal tars. 
Specific 
No.| Kind. gravity |No. Kind. ee 
at 60°C. carbon. 
Per cent. 
1 | Coal-tar creosote containing coal tar (esti- | 1.0483 | 1 | By-product coke-oven tar..... 6.0 
mated at about 10 per cent). 
2:|* Coal-taricreosotes 22s. 2: 2. 8 oh oce eee ee 1.0475 | 2 | By-product coke-oven tar. .._. 16.0 
35 eC@oal=tancreosolesacqs- 2-8-5. oe See 1.0576 | 3 | Gas-house coal tar............- 30.0 
4 | Coal-tar creosote containing coal tar (esti- | 1.0710 | 4 | By-product coke oven-refined 7.0 
mated at less than 5 per cent). tar. 
5 | High boiling coal-tar creosote...............- 1.1050 | 5 | By-product coke-oven tar..... 14.0 
Gale Coal=tan-creaSote=ss = sce cee ceo eaee eee 1.0470 


PREPARATION OF MIXTURES FOR THE TESTS ON THE EFFECT OF DIFFERENCES IN THE 
PRESERVATIVE. 


The free carbon was extracted ? from tars Nos. 1,2,and3. Each 
of these tars was then mixed with creosote No. 4 in the following 
proportions (by volume at 160° F.): 


1 Analyses of the creosotes are givenin the Appendix. Distillation analyses of the tars were not made. 
2 See appendix for method of extraction. 
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Per cent of total mixture by volume. 


er ar 
100 0 
75 25 
50 50 
25 UE 
0 100 


In order to obtain data on the effect of free carbon on absorption 
and penetration, it was necessary to vary the amount of free carbon 
in each of the three tars. This was accomplished by combining the 
proper proportions of normal?‘ tar with tar of the same origin from 
which the free carbon had been removed. These mixtures were made 
by weight. The tars containing the varying percentages of free car- 
bon were then mixed with creosote by volume in the proportion of 
50 per cent tar and 50 per cent creosote. ) 


CHARACTER OF FREE CARBON. 


The free carbon was extracted with the least difficulty from the tar 
containing the highest percentage of free carbon (tar No. 3) and with 
the most difficulty from the tar containing the lowest percentage of 
free carbon (tar No. 1). A greater number of filtrations were re- 
quired with tar No. 1, and a mat of free carbon of given thickness 
was more inclined to be impervious to additional tar than in the case 
of the other tars. The carbon mat formed from the tar having the 
largest amount of free carbon appeared to be the most pervious. 

Tars Nos. 1, 2, and 3 were examined under the microscope at a mag- 
nification of 400 diameters. Plates I to III, inclusive, are photomi- 
crographs of thin films of mixtures of equal parts by volume of creo- 
sote and each of the three normal tars. It is evident that the free 
carbon agglomerations are largest in the tar containing the highest 
percentage of free carbon. 


PRESERVATIVES USED FOR THE TESTS ON THE EFFECT OF VARYING TIME, PRESSURE, 
AND TEMPERATURE. 


By-product coke-oven tars Nos. 1, 4, and 5, and coal-tar creosotes 
Nos. 4 and 6 were used in the experiments described on page 12. The 
proportion of tar and creosote in the mixtures and the temperatures, 
pressures, durations of treatment, and the results obtained are given 
in figures 18 to 27 and in tables 15 to 21 in the Appendix. 


1 By normal tar is meant tar containing its original free carbon. 
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A THIN FILM OF A MIXTURE OF EQUAL PARTS, BY VOLUME, OF CREOSOTE AND 
NORMAL By-PRODUCT COKE-OVEN TAR No. 1 (NORMAL AMOUNT OF FREE CAR- 
BON IN TAR, 6 PER CENT, BY WEIGHT). 


Magnification, about 400 diameters. 


Bul. 607, U. S. Dept. of Agriculture. PLATE II. 


A THIN FILM OF A MIXTURE OF EQUAL PARTS, BY VOLUME, OF CREOSOTE AND 
NORMAL ByY-PRODUCT COKE-OVEN TAR No. 2 (NORMAL AMOUNT OF FREE CAR- 
BON IN TAR, 16 PER CENT, BY WEIGHT). 


Magnification, about 400 diameters. 


Bul. 607, U. S. Dept. of Agriculture. PLATE III. 


A THIN FILM OF A MIXTURE OF EQUAL PARTS, BY VOLUME, OF CREOSOTE AND A 
NORMAL GAS-HouseE TAR No. 3 (NORMAL AMOUNT OF FREE CARBON IN TAR, 30 
PER CENT, BY WEIGHT). 


Magnification, about 400 diameters, 


PLATE IV. 


Bul. 607, U. S. Dept. of Agriculture. 
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EFFECT ON PENETRATION OF DIFFERENCES IN THE PRESERVATIVE, 
ESPECIALLY THE EFFECT OF FREE CARBON. 


Experiments with various mixtures of creosote and tars from which 
the free carbon had been removed were first made in the penetrance 
apparatus, the temperature, pressure, and time of treatment being 
kept constant. These tests were followed by cylinder treatments on 
paving blocks, with the same mixtures but with the time of treatment 
and the pressure varied to obtain an absorption of 16 pounds of pre- 
servative per cubic foot of wood. A similar series of penetrance and 
impregnation tests were made, using tar and creosote mixtures con- 
taining varying amounts of free carbon. Further tests were then 
made in the penetrance apparatus with five commercial coal-tar 
preservatives. 

In the series of tests to determine the effect of differences in the 
preservative on penetration, the operative features were always the 
same A pressure of 75 pounds per square inch and a treating period 
of two hours were used. The temperature of the preservative and of 
the penetrance oven, in which the specimens were treated, was 160° F. 

The treatments were made on two sets of specimens, each set con- 
taining from four to six matched specimens. Thus, each point on the 
curves of figure 4 represents the average of the results obtained on 
two specimens. The sets of specimens were not, however, matched 
with each other. For example (see Table 1, appendix), specimens 19a 
and 35 were not matched, but specimens 19a, 28, 32, 29, and 30, and 
specimen 35, 23a, 22a, 24a, and 20a were matched with each other. 


MIXTURES OF CARBON-FREE TAR AND CREOSOTE. 


Penetrance tests.'—(Tables 1 to 4, inclusive, and figs. 1 and 2.) 

In these experiments, made with mixtures of tars Nos. 1, 2, and 3 
with creosote No. 4, it is evident that as the proportion of the carbon- 
free tar in the mixture was increased the specific gravity and vis- 
cosity of the mixture increased and the absorptions and penetrations 
decreased. Each point on the absorption and penetration curves of 
figure 1 represents the results obtained with one tar and creosote 
mixture. 

A comparison of these tars and their relative effect upon absorp- 
tion and penetration is given in Table 4 and figure 2. These treat- 
ments were made with mixtures of equal parts by volume of creosote 
and each of the three carbon-free tars. Each point on the curves of 
figure 2 represents the average of the results obtained on two speci- 
mens, as in figure 1. 

Figure 2 also shows the results obtained with similar mixtures of 
the same tar, except that the free carbon was not removed, and hence 


1 The data are given in Tables 1 to 4 of the Appendix. 
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gives a direct comparison for studying the effect of the free carbon 
on absorption and penetration. 

The results of the tests indicate that smaller penetrations and 
absorptions were obtained with the mixtures of those tars which had 
contained the larger amounts of free carbon, whether the free carbon 
was present or had been removed. Variations m absorption and 
penetration of the different tar mixtures, therefore, appeared to be 


PENETRANCE TESTS. 


(Data in Tables 1, 2, and 3.) 


se Rey] [eon car aa 
See oy StS] salah al 
© 24 (ESEn0Ie% 
= 1140 BE Beds 
: ES D2og8 
ven EEE ae ata 
Selsad Bie EEoe 
ree call Be Bi Ba 
aes eees 
= A ial) 
g3 tt ptt tee 
i HA FEBEEEELE 
> 
a3 ial BR ite 
a7 Fale BSEIE 
pS ae 2 
Be NS nan 
Se Re aan s 
ul ele 
So pa 
qa 
14 
NTT 
B 2 


AVE. ABSOR=LBS 
© : 
° 
3 o 
oe a 
Ps 
ee 
iS 


N 
o 
- 


i000 20 40 60 80 1000 20 40 60 60 #100 
PERCENT OF TAR BY VOLUME 


Tar No. 1. Tar No. 2. Ter No. 3. 
b. e. 


Fig. 1.—The relative absorptions and penetrations into longleaf pine of mixtures of creosote No. 4 and car- 
bon-free tars Nos. 1, 2,and3. Time of treatment, 2 hours; pressure, 75 pounds per square inch; tempera- 
ture of preservative, 160° F. 

caused by a difference in the composition of the bitumens in the 

three tars, as well as by the amount and character of the free carbon 

present. 


Impregnation tests.—(Tables 5 to 7 and fig. 3.) 

The paving block specimens were treated in a small cast-iron 
cylinder, inclosed in the penetrance oven, and with air pressure and 
vacuum connections. Two blocks were employed for each test, and 
the results averaged for each piont on the curves shown in figure 3. 
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Inasmuch as there were two 
variables in these tests, namely, 
time of treatmentand the pressure, 
it was necessary to consider both 
of thesefactors; hence, the product 
of pressure and time has been used 
in the data presented. The tests 
were madeat a higher temperature 
and pressure than were the pene- 
trance tests but the mixtures were 
the same. In making the tests 
the temperature was kept con- 
stant. 

The addition of tar made neces- 
sary the use of increased pressure 
or time of treatment or both to 
obtain the same absorption of 
preservative as was obtained with 
creosote. 

After the tests, the blocks were 
split to determine the penetration 
and in most cases they were found 
to be fairly well penetrated when 
given an absorption of 16 pounds 
per cubicfoot. However, a tend- 
ency to variation in penetration 
was greater in the blocks treated 
with the heavier and more viscous 
tarmixtures. Unpenetrated areas 
were found near the centers of 
some of the blocks which had 
been treated with preservatives 
containing 75 per cent and 100 
per cent of tar. 


MIXTURES OF CREOSOTE AND TAR WITH 
VARYING AMOUNTS OF FREE CARBON. 


Penetrance tests.—(Tables 4, 8, 9, 

and 10 and figs. 2 and 4.) 

The curves shown in figure 4 in- 
dicate that the influence of free 
carbon on penetrationand absorp- 
tion was greatest in the mixture 
made from tar No. 1, which con- 
tamed normally 6 per cent of 
free carbon. 

The curves also indicate that 
withan increase in the percentage 
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PENETRANCE TESTS. 
(Data in Table 4.) 
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Fic. 2.—The relative absorptions and penetrations 
into longleaf pine of mixtures of equal propor- 
tions of creosote (No. 4) and three different tars 
(Nos. 1, 2,and 3). ‘Two mixtures were made of 
each tar. Thefree carbon was removed from the 
tar in one mixture and the other contained the 
normal amount of free carbon. Time of treat- 
ment, 2 hours; pressure, 75 pounds per square 
inch; temperature of preservative, 160° F. 
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of free carbon in the mixture there was a decrease in the absorption 


and penetration. 


However, in the case of mixtures with tar No. 3 


(fig. 4,c) after a certain point was reached there was a rise in the 
penetration and absorption curves upon the addition of larger per- 
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IMPREGNATION TESTS. 


(Data in Tables 5, 6, and 7.) 
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Fic. 3.—The variation in time of treatment and pressure necessary to secure a given absorption in paving 


blocks using mixtures of creosote No. 4 and carbon-free tars Nos. 1, 2, and 3. 


centages of free carbon to the mixture. It is probable that this was 
caused by the character of the free carbon mats formed on the sur- 
face of the wood as the mixture was forced into the interior of the 
specimens. The free carbon particles in tar No. 3 were very much 
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larger than those in tars 1 and 2, and formed a less impervious mat. 
It seems probable that the mat formed with this tar containing its 
normal amount of free carbon contained openings as large and as 
easily penetrated as those formed when part of the carbon was 


removed. 
PENETRANCE TESTS. 


(Data in Tables 8, 9, and 10.) 
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Fia. 4.—The relative absorptions and penetrations into longleaf pine using mixtures of equal parts of 
creosote No. 4and tars containing different amounts offree carbon. Time oftreatment, 2 hours; pressure, 
75 pounds per square inch; temperature of preservative, 160° I. 


Impregnation tests.—(Tables 11 to 13 and fig. 5). 

Impregnation tests were made on paving blocks, using the same 
mixtures, with varying amounts of free carbon, that were used in 
the penetrance tests. 

As in the impregnation treatments with carbon-free tar and creosote, 
two blocks were used for each test, and the time of treatment and 
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pressure were varied so as to obtain approximately 16 pounds absorp- 


tion per cubic foot. 
Figure 5 indicates that when the amount of free carbon in the 


mixtures was increased, the difficulty of securing a given absorption 
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(Data in Tables 11, 12, and 13.) 
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5.—Variation in time of treatment and pressure necessary to secure a given absorption in paving blocks 
using mixtures of equal parts creosote No. 4 and tars having different amounts of free carbon. 


was increased. As in the penetrance tests, however, the effect of free 
carbon was variable in the mixtures containing tar No. 3. The 
retarding effect of free carbon apparently decreased when the amount 


in 


the mixtures was increased beyond a certain point. This was 
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probably due, as noted in the case of the penetrance tests, to the 
character of the carbon mat which formed when this tar was used. 

Blocks treated with the mixtures containing varying amounts of 
free carbon were found to be fairly well penetrated. By using a 
sufficient treating period and pressure, and a temperature of 200° F., 
it was possible to obtain 16 pounds absorption per cubic foot in all 
of the treatments on paving blocks. 

The experiments taken in conjunction with the penetrance tests, 
indicate that three factors influenced absorption and penetration, 
namely, (1) the composition or per cent of bitumens contained in 
the tar, (2) the amount of free carbon contained in the mixture, 
and (3) the condition of the carbon or size of the free carbon agglom- 


erations. 
INFLUENCE OF COMPOSITION OF THE TARS. 


The influence of the composition or per cent of bitumens contained 
in the taris shown by the fact that the addition of high-carbon tars to 
creosote retarded penetration more than similar additions of low- 
carbon tars, even though the carbon had been removed. The amount 
of carbon in tar depends to a considerable extent upon the tempera- 
ture at which it is produced, the higher temperatures producing tars 
with greater carbon content. It is concluded that tars produced at 
high temperatures may have a greater effect in retarding penetration 
than those produced at lower temperatures, whether or not the carbon 
is removed. Experience has shown that tars having a high carbon 
content also usually have a high bitumen content. 

The condition of the free carbon apparently had a greater influence 
on absorption and penetration than the amount contained in the 
mixture. Since the free-carbon agglomerations were largest in the 
tar containing the highest percentage of free carbon (tar No. 3), 
this probably accounts for the relatively slight retarding influence of 
the free carbon in this tar, on absorption and penetration. In the 
mixtures containing smaller amounts of free carbon, the free carbon 
particles would come in closer contact with the vessels in the wood, 
thereby decreasing the absorption and penetration. 


PENETRATION OF FREE CARBON INTO WOOD. 


In order to determine whether any of the free carbon had pene- 
trated the wood, sections were taken of specimens of heart longleaf 
pine treated with mixtures of equal parts of creosote and tars Nos. 1, 2, 
and 3, containing the normal amounts of free carbon. These sections 
were taken just below the surface through which the preservative 
entered. A microscopic examination was made at a magnification 
of 400 diameters but no free carbon could be observed in the wood 
‘cells. Some of the preservative was squeezed out of the wood sections 
in small globules and examined under the microscope. In this case 


12 BULLETIN 607, U. S. DEPARTMENT OF AGRICULTURE. 


sed 


no free carbon could be detected at the magnification used. The 
sections were further treated with chloroform and xylol separately 
to remove the treating oils. Examination with the microscope, of 
these resulting solutions, also failed to show the presence of free 
carbon. 

Dr. Irving W. Bailey has shown that extremely finely divided 
carbon particles in certain India inks will penetrate wood, but such 
carbon particles can not be compared with the much larger ones 
occurring in coal tars. 


TESTS WITH MISCELLANEOUS COMMERCIAL CREOSOTES. 


Penetrance tests.—(Table 14 and fig. 6.) 

Creosotes Nos. 1 to 5 were used in experiments to determine the 
penetrations and absorptions of miscellaneous commercial creosotes, 
the specific gravities varied from 1.0475 to 1.105 at 60° C., thus 
covering a wide range of oils. The method of treatment was the 
same for each oil. Creosotes Nos. 1 and 4 contained some tar, 
while creosotes 2 and 3 were free from tar. Figure 6 shows how the 
tar tended to retard the penetration. It will also be noted that 
creosotes Nos. 1 and 5, both oils being free from tar, had similar 
absorptions and penetrations,. although the specific gravity of No. 
1 was 1.05 while No. 5 was 1.12. This shows the wide variation 
that can exist in the specific gravity of oils free from tar, with but 
little difference in the penetrating properties. 


INFLUENCE OF VISCOSITY. 


_ The viscosities of mixtures of a given tar and creosote in general 

increased (1) as the per cent of tar was increased, (2) as the per cent 
of free carbon was increased, (3) or as the temperature was lowered 
and in these mixtures the absorptions and penetrations generally 
decreased as the viscosity Increased. When different tars were used 
in the mixtures, there did not appear to be a definite relation between 
viscosity and the absorptions or penetrations obtained. Thus in 
figure 2, the viscosities of the three mixtures of carbon-free tars and 
creosotes were about the same, although both penetrations and 
absorptions vary greatly. A comparison of the viscosities of the 
creosote-tar mixtures in Tables 4, 5, and 6, also indicates no apparent 
relation to the absorptions and penetrations when different tars are 
used. 


TESTS OF THE EFFECT OF VARYING TIME, PRESSURE, AND 
TEMPERATURE. 


The results of the experiments described on page 7 indicate that 
in general the absorption and penetration of a tar and creosote mix- 
ture decreases as the amount of tar or free carbon in the mixture is 
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PENETRANCE SPECIMENS. 
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increased, the conditions of treatment being constant. Experiments 

were mice to determine the effect on the absorptions and penetra- 

tions of tar and creosote mixtures of an increase in the time of treat- 

ment, the intensity of the pressure, or the temperature of the pre- 
PENETRANCE TESTS. 


(Data in Table 14.} 


AVERAGE LONGITUDINAL PENETRATION—INCHES 
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Fic. 6.—The relative absorptions and penetrations into longleaf pine of various commercial creosotes. 


Point peeosole Icind of creosote. 


1 1 | Creosote containing tar (estimated at about 10 per cent). 

2 2 | Creosote. 

3 3 | Pure coal-tar creosote. 

4 4 | Creosote containing tar (estimated at less than 5 per cent). 
5 5 | High-boiling creosote. 


——————————————eeeeeeeeeeeeeee eee 


Time of treatment, 2 hours; pressure, 75 pounds per square inch; temperature, 160° F. 
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servative. Two series of tests were made with the temperature and 
pressure of the preservative constant and the time of treatment 
varied to obtain the same absorption, with the mixture as was obtained 
with the creosote unmixed with tar. Another seriesof tests was run, 
in which the pressure of the preservative was varied but the tempera- 
ture and the time of treatment kept constant, and a comparison made 
of the pressures required to obtain the same absorption with various 
tar mixtures as was obtained with creosote unmixed with tar. A 
further series of tests was made in which the time of treatment, 
pressure of the preservative, and absorption were constant, but the 
temperature was varied. For comparison a test was made of the 
absorptions and penetrations obtained using the same time of treat- 
ment, temperature, and pressure of preservative for both the creosote 
unmixed with tar and for the tar mixtures. 

The system of matching the penetrance specimens used in the 
experiments described on pages 4 to 20 was the same as that described 
on page 2, except that in one test four specimens were used and in 
other tests three specimens were used instead of two, as in the 
previous experiments. All of the blocks used in the impregnation 
tests were cut from the same stick and are, therefore, considered 
matched with each other. 

PENETRANCE TESTS WITH COAL-TAR CREOSOTE NO. 6 AND BY-PRODUCT COKE-OVEN 
TAR NO. 4. 
Time of treatment, temperature of preservative, and pressure con- 

stant.—(Tabie 15 and fig. 7.) 

The first series of tests was made to study the relative absorptions 
and penetrations obtained with the creosote unmixed with tar; with 
mixtures of 80 per cent creosote and 20 per cent tar; and with 663 
per cent creosote and 334 per cent tar. The pressure, the time of 
treatment, and the temperature of the preservative were the same 
for every preservative. These tests were made for comparison with 
those on the same mixtures where the pressure, time, etc., were 
varied. Details of the treatment are given in Table 15. 

The average absorption and the average longitudinal penetration 
obtained with the 80 per cent creosote and 20 per cent tar mixture 
were each about 73 per cent of that obtained with the creosote. In 
the case of the 662 per cent creosote and 334 per cent tar mixture 
the absorption was about 66 per cent and the average longitudinal 
penetration about 69 per cent of that secured with creosote. 
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Temperature of preservative and pressure constant and the tume of 
treatment varied.—(Tables 16 and 17 and fig. 8.) 
With the mixture coutainmg 20 per cent tar and 80 per cent 
creosote it was necessary to increase the treating period from two 


PENETRANCE TESTS. 
Gas: in Table 15.) 
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1G. 7.—The relative absorptions and penetrations into longleaf pine using mixtures of creosote No. 6 and 
tar No.4. Time of treatment, 2 hours; pressure, 80 pounds per square inch; temperature of preservative, 
180° F. 


hours to four hours to obtain the same absorption as when the 
creosote unmixed with tar was used. A reduction in the average 
11917°—18—Bull. 6073 
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longitudinal penetration of about 17 per cent resulted from the 
increase in the proportion of tar. 

When the mixture containing 334 per cent of tar was used, it was 
noted that after the specimens had been treated for a certain length 
of time (see Table 15, footnote) no increase in the absorption was 
obtained. Hence it was not possible in this test (where the tem- 
perature of the preservative was 160° F’. and the pressure 80 pounds 
per square inch) to obtain an absorption with the mixture equal to 
that obtained with the creosote, even when the time of treatment 
was increased to eight hours. The average longitudinal penetration 
was about 33 per cent less than obtained with the creosote. 


PENETRANCE TESTS. 
(Data in Tables 16 and 17.) 


| 
oe sessed wae Ss. | AVE.ABSORPTION=LES. 
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ABSORPTION WITH THIS MIXTURE AS & FURTHER 
INCREASE IM THE TIME OF TREATMENT DID ROT 
MRCREAS E THE ABSORPTION 


— IME OF TREATMENT VARIED © 


AN 80% CREO. 


N 20% TAR 


Ss 366.7 > CREO. 
WS 33.3% TAR 


PRESSURE VARIED 


Fic. 8.—The relative effect of varying (1) time of treatment and (2) pressure in order to secure approxi- 
meitely the same absorption in longleaf pine using mixtures of tar No. 4 and creosote No.6. With time 
varied the treating temperature was 160° F. and the pressure 80 pounds per square inch. With pressure 
varied the time of treatment was 2 hours and the temperature 160° F. 


Time of treatment and temperature of preservative constant and pres- 
sure varied.—(Tables 16 and 17 and fig. 8.) 

The specimens used in these tests were matched with those just pre- 
ceding, and hence the results are directly comparable. The pressure 
required to obtain a given absorption in the test in which the tempera- 
ture of the preservative and the time were constant was approximately 
proportional to the amount of the tarin themixture. With almost the 
same absorption of preservative the penetrations of the two tar and 
creosote mixtures were from 27 to 29 per cent less than those obtained 
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PENETRANCE SPECIMENS. 


Specimens arranged in order of treatment as givenin Table 15. Group No. 1 treated with creosote. 
Time of treatment, 2 hours; pressure, 75 pounds per square inch; temperature, 180° F. Group 
No. 2 treated with 80 per cent creosote, 20 per cent tar. Time of treatment varied; temperature, 
180° F. Group No. 3 treated with 663 per cent creosote, 33} per cent tar. Time of treatment varied; 
temperature, 180° F. Group No. 4 treated with 80 per cent creosote, 20 per cent tar. Pressure 
varied; temperature, 180° F. Group No. 5 treated with 663 per cent creosote, 333 per cent tar. 
Pressure varied; temperature, 180° F. 
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PENETRATION IN PAVING BLOCKS. 


No. 1 blocks treated with creosote No.4. No. 2 blocks treated with 75 per cent creosote No. 4 and 
25 per cent tar No. 5. No. 3 blocks treated with 50 per cent creosote No. 4 and 50 per cent tar 


No. 5. 


No. 4 blocks treated with 25 per cent creosote No. 4 and 75 per cent tar No. 5. 
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with the creosote. Comparing these results with those in which the 
time of treatment was varied, it is noted that when the 20 per cent 
tar mixture was used better penetrations were obtained by length- 
ening the time of treatment than by increasing the pressure, the ab- 
sorption being the same in both cases. This comparison can not 
properly be made with the mixture containing 334 per cent tar, 
because the desired absorption was not obtained in this case when 
only the time of treatment was increased. (See note on fig. 8.) 


IMPREGNATION TESTS. 
(Data in Table 18.) 


[ TIME OF TREATMENT— MINUTES VISCOSITY AT 220°F. mse: GRAVITY AT 60°C. 
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Fic. 9.—The time of treatment required to secure a given absorption in paving blocks using mixtures of 
creosote No. 4 and tar No. 5; also the inerease in time of treatment required to secure a given absorption 
of creosote when the treating pressure and temperature were decreased. 


IMPREGNATION TESTS WITH COAL-TAR CREOSOTE NO. 4 AND COAL-TAR NO. 5. 


Temperature of preservative and pressure constant and time of treatment 

varied.—(Tables 19 and 20 and figs. 9 and 10.) 

Tests to determine the effect of varying the time were made on 
matched paving-block specimens with mixtures containing 25 per 
cent tar and 75 per cent creosote, 50 per cent tar and 50 per cent 
creosote, and 75 per cent tar and 25 per cent creosote. Similar tests 
were made on penetrance specimens. (Fig. 10.) The creosote un- 
mixed with tar was used for comparison. In these tests the time of 
treatment required to obtain a given absorption increased rapidly as 
the amount of tar in the mixture was increased, especially when 50 
per cent and 75 per cent of tar were used. The desired absorption 
was obtained in the shortest time with creosote. In order to secure 
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approximately a corresponding absorption with the tar mixtures, the 
time of treatment was increased above that required for creosote by 
about 17! per cent for the mixture containing 25 per cent tar, about 
60 per cent for the mixture with 50 per cent tar, and 200 per cent 
for the mixture containing 75 per cent tar. 

After treatment the blocks were split to determine the penetration. 
Those treated with creosote were completely penetrated, and those 
treated with the mixture containing 25 per cent tar were fairly well 
penetrated. A small area at the center of the blocks treated with 
mixtures having 50: and 75 per cent tar was unpenetrated. Plate X 
is a photograph of a set of these blocks when split. 


PENETRANCE TESTS. 
(Data in Table 19.) 
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Fic. 10.—The relation between absorption, penetration, and time of treatment using mixtures of creosote 
No. 4 and tar No. 5; also the comparative effect of varying the pressure and time of treatment. 


PENETRANCE TESTS WITH CREOSOTE NO. 4 AND TAR NOS. 1 AND 5. 


Time of treatment and pressure constant and temperature varved.— 

(Tables 18 and 21 and figs. 11 and 12). 

Two series of tests on the effect of varying the temperature were 
made, both on the penetrance apparatus. In the first series a mixture 
of 50 percent creosote No. 4 and 50 per cent tar No. 1 was used. In 
the second, 75 per cent of tar No. 5 and 25 per cent of creosote No. 
4 was used. Both the absorption and penetration were materially 
increased as the treating temperature was increased. The tests 
indicated that temperature is an important factor in absorption and 


1 Absorptions in these cases were about 9 per cent higher than with the creosote. 
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PENETRANCE TESTS. 


(Data in Table 20.) & 
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Fic. 11.—The relative absorptions and penetrations into longleaf pine of a mixture of equal parts of creosote 
No. 4 and a normal by-product coke-oven tar No. 1 at different temperatures (normal amount of free 
carbon in tar, 6 per cent, by weight). Time of treatment, 2 hours; pressure, 75 pounds per square inch. 
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penetration. Thus, in figure 11, the penetration at 210° F. was 
about two and one-half times that at 160° F., while the absorption 


PENETRANCE TESTS. 
(Data in Table 21.) 
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Fic. 12.—The relation between absorptions and penetrations into longleaf pine using a mixture of 25 per 
cent creosote No. 4and 75 per cent tar No. 5at different treating temperatures. Time of treatment, 1 hour; 
pressure, 200 pounds per square inch. 

was 1.6 greater. In figure 12, with a mixture contaiming 75 per cent 

of tar, the penetration at 220° F. was also two and one-half times that 

at 160° F., while the absorption was twice as great. 
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MATCHED SPECIMENS OF LONGLEAF PINE TREATED WITH A MIXTURE OF EQUAL PARTS OF CREOSOTE No. 4 AND A NORMAL By-PRODUCT 


CoKE-OVEN TAR No. 1 AT DIFFERENT TEMPERATURES (NORMAL AMOUNT OF FREE CARBON IN TAR, 6 PER CENT, BY WEIGHT). 


(DATA IN TABLE 20, P. 42, AND TABLE E, P. 42.) 


Time of treatment, 2 hours; pressure, 75 pounds per square inch. 
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SUMMARY. 


The results of this investigation may be briefly summarized as fol- 
lows: 

The addition of coal tar to coal-tar creosote increased materially 
the difficulty of injection into heart longleaf pme. The resistance to 
impregnation was increased as the amount of tar was increased. 
Resistance to impregnation was greater to coal tars of high than to 
those of low free-carbon content. This was the case even when the 
free carcou was removed from these tars, indicating that the character 
of the bitumens as well as the free carbon influenced impregnation. 
The tests indicate that coal tars produced at relatively low tempera- 
tures penetrate better than those produced at relatively high tem- 
peratures. The size of the free-carbon particles was also found to be 
a factor in penetration, as those tars in which a large proportion of 
the particles were relatively small produced mats which were more 
nearly impervious to the passage of the preservative than those tars 
in which these particles were larger. 

The relative viscosities of mixtures of coal tar creosote and coal 
tars from different sources are not necessarily a true index of their 
ability to penetrate wood. In these tests the viscosities of mixtures 
containing different tars did not appear to have any definite relation 
to the ease or difficulty of penetration. 

For a mixture of a given tar and creosote the following three factors 
appear to be important in their relation to penetrations and absorp- 
tions: 

1. The composition and character of the bitumens. 


2. The amount of the free carbon in the tar. 
3. The condition or size of the free carbon particles. 


In the treatment of paving blocks the most general practice at 
present is to inject about 16 pounds of the preservative per cubic 
foot of wood. This absorption is not usually difficult to obtain in 
air-seasoned longleaf pine with coal tar creosote at relatively moderate 
pressures and temperatures, on account of the short length of the 
blocks (usually not over 4 inches). In these tests it was found that 
when coal tar was added to coal tar creosote, it was possible to obtain 
an absorption of 16 pounds per cubic foot by creasing the pressure, 
the temperature, and the time of treatment, the amount of the in- 
crease required depending upon the kind and amount of tar added. 
There was, however, a tendency to obtain less uniform penetrations 
with those mixtures containing the higher amounts of tar. Increasing 
the intensity of pressure was of greater importance in obtaining the 
desired absorption than increasing the time of treatment, while with 
a given absorption lengthening the time of treatment and using a 
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lower pressure gave better penetrations than shortening the time of 
treatment and increasing the pressure. 

The temperature of the preservative was found to be very impor- 
tant. In the case of a mixture of tar and creosote containing 50 per 
cent of by-product coke-oven tar an increase in the temperature 
from 160° to 200° F. increased the absorption two and one-half 
times and penetration one and two-thirds times. A nearly similar 
result was obtained with another tar and creosote mixture contaming 
75 per cent of by-product coke-oven tar. 

Since the tests were necessarily limited to a comparatively small 
number of tar and creosote mixtures and also to a small number of 
tests on each preservative, using only one species of wood, the rela- 
tions brought out can not be considered as definitely established. 
The results may prove of value, however, in indicating some of the 
factors that bear an important relation to the injection of preservatives 
into wood. } 

In general, it might be expected from these results that if tar, 
either alone or in mixture with creosote, were used in the preserva- 
tion of wood the difficulty of injection would increase as the percent- 
age of tar and free carbon in the mixture was increased. The prac- 
tice of filtering free carbon from tar and creosote mixtures, which is 
sometimes resorted to, would seem to offer a means of improving the 
penetrating properties of the preservative. 

In these experiments those tars which contained normally the lower 
amounts of free carbon appeared to have better penetrating prop- 
erties than those containing the higher amounts, even after the free 
carbon was removed. This suggests that mixtures contaming low- 
carbon tars should prove easier to inject into the wood. 

The results of the experiments i which the time of treatment, 
intensity of pressure, and temperature of the preservative were 
varied indicate that the pressure period should be as long as possible, 
the intensity of pressure being regulated to obtain the desired absorp- 
tion, while the preservative should be at as high a temperature as it 
is practicable to work without injuring the wood. From 190° to 220° 
F’. may be satisfactorily used in treating longleaf pine paving blocks. 

The viscosity nieasurements made on the tar and creosote mixtures 
containing tar from different sources indicate that the viscosity may 
not always be a true index of the penetrating properties of the mix- 
ture and should probably not be relied upon for this purpose. 

The quality of the wood used has a marked influence on the absorp- 
tion and penetration. It has very frequently been observed that the 
springwood of rapid-growth southern pine is hard to penetrate. In 
general, better treatments may be obtained in wood which has narrow 
annual rings. 
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APPENDIX. 
DETAILED DESCRIPTION OF TESTS. 


Penetrance tests —Each specimen before test was placed on a shelf 
in the oven of the penetrance apparatus and the temperature main- 
tained at 160° F. for 24 hours. 

A hole 1 inch in diameter and either ? or 1 inch deep was bored 
in the specimen. The piece was weighed to 0.001 of a pound imme- 
diately before and after treatment. The absorption of preservative 
by each specimen was determined from the difference in weights. 
About 24 hours after treatment each specimen was sawed iongitudi- 
nally and transversely through the center of the hole on the lines 
indicated in figure 13. The treated areas shown on the surface thus 
exposed were measured by means of a planimeter and the average 
longitudinal penetrations determined from these measurements. 

Impregnation tests —The blocks were air-dried in the laboratory for 
several months; consequently they had a very small moisture con- 
tent. Before treatment each block was weighed to 0.01 of a pound 
and the dimensions measured to 0.01 of an inch. The volume was 


Fig. 13.—Appearance of test pieces. 


determined from these measurements. After treatment each block 
Was again weighed and the absorption in pounds per cubic foot 
computed. 


APPARATUS. 


The ‘‘ penetrance apparatus,” illustrated in figure 14, was designed 
for the penetrance tests. The wood under test, which had a 1-inch 
hole bored in it, figure 13, was clamped against the open end of the 
pipe A leading to the bottom of a pressure tank B. The pipe and 
lower portion of the tank were filled with the preservative. Pipe C, 
opening into the top of the tank, was connected with an air reservoir. 
When desired, air under pressure was turned into tank B, which thus 
placed the preservative under pressure. The apparatus was sur- 
rounded by a wooden oven R, with double glass windows in the front 
and back. Steam coils J in the bottom of the oven heated the speci- 
mens and preservatives to a uniform temperature, which duplicated 
as nearly as possible the temperature conditions of the treating cylin- 
der. The pressure was determined from the gauge G and the tem- 
perature from thermometer H. A safety valve K aided in maintain- 
ing a uniform pressure. Shelves were provided and specimens were 
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Fic. 14.—Apparatus for making penetrance tests. 
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placed in the apparatus previous to testing in order to heat them 
uniformly to the required temperature. By the aid of mirror D, 
placed at the back of the oven, both ends of the specimens were made 
visible. 

In making the impregnation treatments on the paving-block speci- 
mens, small treating cylinders were used. The tests of the effect on 
penetration of differences in the preservative were made in a cylinder 
6 inches in diameter and 12 inches deep which was substituted for 
the clamping device in the penetrance apparatus. Other impreg- 
nation tests were made in a 14-foot by 4-foot treating cylinder. 


METHOD OF OBTAINING CARBON-FREE TAR. 


The free carbon was removed from a portion of tars Nos. 1, 2, and 
3, as follows: 

The tar was first dissolved in chloroform and the mixture then 
passed through a single thickness of fine quantitative filter paper. 
This process of filtration was repeated on the mixture using fresh 
filter papers each time, until no residue was deposited on the paper 
after the final filtering. The residue left on the papers was boiled 
in chloroform to dissolve any of the soluble tar constituents that 
might be deposited with the free carbon. This mixture was also 
filtered a number of times until no appreciable residue was left on 
the filter papers. The chloroform was then distilled off from the 
two mixtures which were combined and considered to be carbon-free 
tar. Analyses and coking tests were made which indicated that 
the material extracted was nearly all free carbon. 


DETERMINATION OF FREE CARBON IN TARS. 


The percentage of free carbon in each of the tars was determined 
to the nearest one-half of 1 per cent by careful quantitative filtering, 
employing a heavily matted Gooch crucible. After filtration was 
practically completed, the residue in the crucible was washed with 
chloroform until there was no further coloration of the liquid. 


SPECIFIC GRAVITIES. 


Specific gravities were determined by means of a Westphal bal- 
ance. These determinations were accurate to one in the third deci- 
mal place for creosote and most of the mixtures of tar and creosote, 
and to two or three in the third decimal place for the heaviest tars. 


VISCOSITIES. 


The viscosities were determined by means of an Engler viscosi- 
meter, which was standardized with water at 20° C. 
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Analyses of creosotes used in the experiments. 


Creosote No. 1.—The distillation is as follows: 


Temperature. Distillation. 

Ou Per cent. 

DOSE Ve Or aie Ree 11.0 
QED Gul oie Aue eee 28.3 
DAS Ie Mie uly Shag Syelk 
TAS is MY cA A a 9.7 
SO Seer Mey Se anen 1B i 
BO OHI ON ANS (ect irate 6.9 
Residues ose. = sae 25.8 
TOSS Nee 0.1 
Totaky presets 100.0 


Specific gravity, 1.0483 at 60° C. The index of refraction values are low for coal-tar 
creosote, and the water content is high, being 8.4 per cent of the original oil. The 
residue indicates the presence of undistilled tar, probably about 10 per cent. 

Creosote No. 2.—The distillation is as follows: 


el 
° 

cot 
© 

— 
a 
=) 


Temperature. Distillation. 

Ce Per cent. 

ZO aie eee a Oe 6.8 
NS aan BUG NE AEN 40.0 
QA eerie i [ORD tate nie 4.5 
DATA sae lle MMU ERIE GIL, 13.4 
SOD ye ee ap! 11.0 
Residue........-. 24.1 
Has ROS  T av a a 0.2 
0.0 


Specific gravity, 1.0475 at 60° C. The distillation curve and the index of refraction 
values for the most part fall within the range ascribed to a pure coal-tar creosote, but 
there is a decided tendency in the index of refraction values for the higher fractions, 
which indicates the presence of petroleum-like substances. 

Creosote No. 3.—The distillation is as follows: 


Temperature. Distillation. 
mG Per cent. 
7A O15) Ms A a a an 
31D ET EON EAL oh el AD 2 
ZA De ee 


oO 
S 
Kt 
bo bo 
SE SS ee ee 
Cl WONMWEROD 
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Specific gravity, 1.0576 at 60° C. The index of refraction values and the distillation 
curve indicate that the oil is a pure coal-tar creosote. 
Creosote No. 4.—The distillation is as follows: 


Temperature. Distillation. 
} 

OR Per cent. 

DX Uae AONE ie eT ROME 2 
DERE) Dare taht a a 22-1 
ips NW i ans Ls ag 5.7 
HES ca MN NR RE tay lat 9.9 
DOR eee ren an 11.5 
SOO Ree Aue nett lee ZG 
IRESTOUC are saat 2 20.9 
BOBS race eae tecon crits 0.5 
Motales neces 100. 0 


Specific gravity, 1.071 at 60° C. The indices of refraction at 60° C. are very low 
for a pure coal-tar creosote. The sulphonation values are low, yet are an indication 


of the presence of petroleum oils. 


The residue is a soft sticky pitch and indicates 


the presence of undistilled tar probably less than 5 per cent. From the appearance 
and physical properties of the fractions the creosote behaves very much like a mixed 


creosote. 


Creosote No. 5.—The distillation is as follows: 


Temperature. Distillation. 

Ge Per cent. 

AV se Sa ce PAU NP a 1.3 
TaN ipl see win 5 ak Bah UL 2. 
AUG ce SS Ai dierkt Bene ere es 
DATS) ao ai ta ea lp a Holl 
DO ese neers cals eae ASD 
SOOM ee ites Sant nen 40. 4 
Rvestdie aera 3248 
TOSS iets ee buinere Marlee 0.2 
MTotaleeen a 100.0 
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Specific gravity, 1.105 at 60° C. The index of refraction values are almost entirely 
in the range for mixed creosotes. The sulphonation residues do not indicate the 
presence of paraffine oils. The nature of the residue is not such as to show the presence 
of undistilled tar. The appearance and physical properties of the fractions indicate 
a high boiling creosote oil. 

Creosote No. 6.—The distillation is as follows: 


| Temperature. _ Distillation. 


ad Of | Per cent. 

13] ees a ae eee Be 2A 
ee ee Sy ee het 
DAE EY tae Une eee Se 
7A (5 aati ee ON 9.5 
21 | Uenae eter e perm ares < aH Rey 
ST a i aes sara anet a | 8.6 
Residues’ = ee 25.0 
POSS. 2s 2 ae 0.3 
lNotal’ S22 100.0 


Specific gravity, 1.047 at 60° C. The index of refraction values le mostly in the 
range for mixed creosotes. The sulphonation residues are too high for a straight 
coal-tar creosote and their character is much like that of petroleum oils. The amount 
of residue above 330° is rather large, but there is no sign of undistilled tar in it. 


TasBLe 1.—Data upon the relative absorptions and penetrations into longleaf pine of 
mixtures of creosote No. 4 and carbon-free by-product coke-oven tar No. 1 (normal 
amount of free carbon in tar, 6 per cent, by weight). 


Aone Character of preservative. 
fe 2 Weight 
ase + ofspeci-| Pre- oe 
ber 3 Specific] SC0S-| mem | Serva | onei- 
Free = ity at jdirectly| tive 2 
annual) mar | Creo | carbon eee 160° F.| before | ab- peau 
Nar in Mix-| j49¢ ~ |(Engler| treat- sorbed. | ,? 


Specimen No. 


4 =|NZE A tration 
: ‘ ° viscosi-| ment. : 
inch. (60° C.) meter). 
—|—_—} |= reece cris | 
Pet OP AeES| | 
by vol- | by vol- | P.ct.by 
ume. | ume. | weight. | Lbs. | Lbs. | Ins. 
19A Re eas Safar A eee Ee NG 13.0 0 100 | Trace. 1.071 1.2 | 4.970) 0.25 7. 00 
5 cea ae OS Oe eee 17.5 0 100 | Trace. 1.071 1.2| 4.270 ise 195 6.05 
INOTACO © Sa eee b AGS I Recess eaten) fears Meare taal Fe eee oe Hees = EA eae SS . 223 6. 53 
} es 
ese ras eine at Fe Sed ll 12.0 25 75 | Trace. 1.102 1.4 | 4,783 - 168 5. 00 
Pea ry WN 14.5 25 75 | Trace. | 1.102 1.4 | 4.800} .266 7. 64 
| ee 
AVEPAP BS cota s a= tee 1 Ss 3 cee ne Pere fo Ses lee os wo oe ose | See 217 | 6. 32 
39 Lae a ie iene ee eae oes FA 15.0 50 50 | Trace. 1.127 1.6| 4.458 - 122 4. 34 
DR Sa Sots i ae | | 15.0 50 50 | Trace. | 1.127 1.6] 4.825] .107 4.44 
Ageragoe: oe. 15,0 ele een eae dy | .15] 4.39 
ORE RR eee Nee ES Ad i 10 75 25 | Trace 1.150 223 4, 504 . 090 3. 25 
PL MN oR ae at a as EN Oe 13.0 if 25 | Trace 1.150 2.3 | 4.677 .119 4.05 
EMOT ALO oe ae ae | 42 3) (RO re as) Bon st Re Pile A oes Nl Sr Oe [See -105 3. 65 
Oe a te oo ee 13.5 100 
Do AV agate peed cL eA 16.5 100 


Average moisture in specimens abeut 2 per cent. 
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Taste 2.—Data upon the relative absorptions and penetrations into longleaf pine of 
mixtures of creosote No. 4 and carbon-free by-product coke-oven tar No. 2 (normal 
amount of free carbon in tar, 16 per cent, by weight). 


Specimen No. 
rings 


Character of preservative. Weight 


= Aver- 
: ofspeci-| Pre 
Fr | Specific Lees men | serva- | , Gael 
Tar eAee carbon | 8" ayy 160° F. gineey ve tudinal 
No. 2 S in mix- a (Engler ne- 
No. 4 140° B. |S. - reat- |sorbed. : 
ture (60° C.) viscosi-} sent tration. 
*“) meter). 
IPs Gr \| IP. Ges 
by vol- | by vol- | P.ct.by 
ume. | ume. | weight Lbs. Lbs Ins. 
0 100 | Trace 1.071 2 4. 059 0. 241 7.31 
0 100 | Trace 1.071 WG? 4. 506 . 139 4, 25 
ala) ie ene | eee oe Vie o en RST icg [eamne7s 
25 75 | Trace 1.105 1.4 4.132 . 103 3. 89 
25 75 | Trace 1.105 1.4 4, 237 . 167 4.71 
BaP AI Sf [a es ee BC TR Ue Le Te [Neeeeveeee . 135 4.30 
50 50 | Trace 1. 132 7 4.109 sail 4. 34 
50 50 | Trace 1.132 ie 4, 220 . 089 3. 68 
Se PS a [serene | ate ate PE oes Caer el enn Seles I eS ee ee . 100 4.01 
75 25 | Trace 1.163 PRs Ve 4.175 . 041 VeTAl 
75 25 | Trace 1. 163 Ms? 4,185 . 033 1.90 
ese eee [esas es ic UES Mec FP a aesaicead Es a aie Ea . 037 2eail 
100 0 | Trace 1.215 ool 4. 216 . 035 125 
100 0 | Trace 1, 215 Soll 3.070 . O21 1. 42 
SOU LG Tees NY RN ests | ROR trae eee 028 | 1.34 


Average moisture in specimens about 4.5 per cent. 


TaBLE 3.—Data upon the relative absorptions and penetrations into longleaf pine of 
mixtures of creosote No. 4 and carbon-free gas-house tar No. 3 (normal amount of free 


werght). 


carbon in tar, 30 per cent, by 
Aver- 
age 
Bus 
: er 
Specimen No. tall 
rings 
per 
inch 
TNS) SES eg IS oe eats ied aan Zils 
Nea] Das pose ee a on eal i tae 21.0 
SAWVOLO SOM stereo os sate Es 21.0 
JI AV s A AR ie alee a 20.0 
TNS DEL eae gi fer NES a ee a eee ae 22.0 
BAW. ORAP OR nae eet actos eee 21.0 
TNS DE oe ean oe rag Se 20.0 
Ja\za DEY eee eh ea ope te ait 20.0 
BAN ORAL Ole eee ed 20.0 
Nea) TES hr i ites ares at Anat oa ame 21.0 
SNC Sy: seh IRS i 19.0 
PAV OLALO one oe oe Chistes 20.0 
TNE) DDL oe At AS 20.0 
Jel ES Ne ee rene saan 22.0 
PA VOT AL Gace ete seen ea ol) 21.0 


Character of preservative. 


longi- 
tudinal 

pene- 
tration. 


Weight 
: of speci-| Pre- 
Free | Specific MiScOs: men | serva- 
Creo ‘© |gravity|jaso% |directly| tive 
Tar sate carbon a 160° F. betore ane 
No.3 in mix- 6 (Engler 
No. 4 cane 140° F. vi . | treat- |serbed. 
snl (60s, C) hase monte 
meter), 
Per Per Per 
cent by | cent by | cent by 
volume.| volume.| weight Lbs. | Lbs. 
0 100 | Trace 1.071 MPF POA ho eOL7/ 
0 100 ; Trace 1.071 1.2} 4,124 ~ 121 
Eta yell ote ta eat aerete | Cletoleye estat wravereers cial] secs Seah a ere eras -119 
25 75 | Trace 1.097 1.4] 4.219 - 054 
25 75 | Trace 1. 097 1.4] 4.026 - 054 
BR OCOCROISS ADOC Sao Cenc Seer al terete nl seers . 054 
50 50 | Trace 1.127 1G) |) 8R855 015 
50 50 | Trace 1.127 Gal sas50 .014 
ott aia lateral [aretereisieisai| lave Sy scahelcinil aeieterevorstol | Wreiaieistelsiell Nome Seer .015 
75 25 | Trace. | 1.148 223i 250638 -010 
75 25 | Trace. | 1.148 2.3} 2.096 O11 
Sede wed sede cielSaecec ntl ease gene Sama oe soeecaas O11 
100 0 | Trace 1.179 3.8 | 1.697 .012 
100 0 | Trace 1.179 3.8} 1.990 _007 
Lats Hews elects a I Saeaieee Matsa ealeee eee lane. .010 


Average moisture in specimens about 9 per cent. 
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TapLe 4.—Data upon the relative absorptions and penetrations into longleaf pine of 
mixtures of equal parts of creosote No. 4 and three different carbon-free and normal free- 


carbon tars. 


Character of preservative. 


Aver- 
age Tar Nos. 1, 2 
hee and3. 
Specimen No. | annual | Creo- 
rings sote 
per By Free | No. 4 
inch. vol. | carbon 
aime normal 
to tar 
Per 
Per Per | cent by 
cent. cent. | volume 
See. See ecutoce 24.0 50 50 
IDM EPS ee ee eee 18.0 50 6 50 
Average...---- PALIN Ul abate a) ee an 
TER reas Se eee ele 17.0 50 16 50 
1 Se ee ea eee ea 20.0 50 16 50 
AVeCLage.. .2 ==. 18.5 
gL Sie eps eee oe 22.0 50 30 50 
100 Eee ea Sere aee 17.0 50 30 50 
Average...-.--- OE Re ae55ou lscoacosalpocesoca|lbsosabse 
HESS Site te IB 18.0] 50 6 50 
WB ie ae eee eee 24.0 50 6 50 
Average.....-- PG) [Ress eoua besedesa Beseosaclasessacs 
SAN eee a ee 22.0 50 16 50 
= 6—B ea ete oe 15.0 50 16 50 
AVETALC:. 5. ==: ABO al cow otal eerie aelermae ari| Serer 
10 Gor ae es ae 21.0 50 30 50 
(UES Ae eae 18.0 50 30 50 
Awverage...-=:- iM RTS Beene aon Metaacoe SaeseooS pee 


Average moisture in specimens about 8 per cent. 


a 


Weight 
of speci- 
men 


Aver- 
Pre- age 
serva- | longi- 


ity at |directly| ;~ : 
gravity] 165° | before tive ab-| tudinal 


-- | ViSCOs- 


bed.} pene- 
o |(Engler}| treat- Ser + 
= oy vicosi- | Ment. ODE DE 
; meter) 
Lbs. Lbs. Ins. 

iE sey/ 1.6; 1.443] 0.127 3.75 
1.127 6525826 . 200 4.19 
. 164 3.97 
1.132 1.7] 3.450 . 130 4.30 
1.132 To Wp B35 Te . 080 Sh 1 
- 105 3.71 
ey 1.6 | 3.010 - 053 2.27 
i ye 1.6 | 2.660 . 076 2.18 
SEES: cl Se eee e Maer emeet - 065 2.23 
1.132 Ll d420 . 038 2.05 
1.132 ed, 1.386 . 054 2.00 
crane sd] sila a | eee Sa . 046 2.03 
1.159] 2.6] 1.410] .043| 2.28 
1.159 2.6 | 1.452 . 029 1.54 
Sisn atte Ne meae ec eee . 036 1.91 
1.166 Pipi 1. 466 027 1.15 
1.166 235 1.318 . 017 1.13 
Sax eaara| Serene S| ee ree . 022 1.14 
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TABLE 5.—Treatment of paving blocks with mixtures of creosote No. 4 and carbon-free 


tar No. 1. 
= Prod- 
Weight P : 

: . reserv- : Time | uct of 
ees Panenslons: of y ubelores © ative Preservative | Pressure. of treat-|_pres- ° 
AOE : apt absorbed. : ment. |sure by 

time. 
| ister as estes ett | Ee ae SAR De | a le | as Pe 

Pounds Pounds 
per per 
cubic square 
Inches. Pounds. Soot. inch. Hours 

i apoeee see 7.65 by 3.82 by 4.0... 2. 685 16.8 \creosote 80 140 
Bla eee 8.10 by 3.65 by 4.0... 2.715 PS CAU (eee sokeep ese cons ar 80 3 220 
AM YGIENO 5 3 ESE See See ue Dun don oe Saoet Deore LORIE Seca Ses mee ee ste cc ces nes cam octellemeeeee 180 
Pipes ek 7.75 by 3.80 by 4.0... 2. 826 iWed \e per cent creosote, 80 24 180 
Os ae eEoee 8.10 by 3.50 by 4.2... 2. 820 13.5 |f 25 per cent tar. 80 34 260 
AUGBY nal |S eae GoDORGC DOSCEE Soe eoesee eG EE eeeneelecio ee Searais cnet sina me ere cll eee eae 220 
26S eee 7.95 by 3.62 by 4.0. 2. 560 14.3 |\50 per cent creosote, 80 6 460 
(i Ree aa 7.75 by 3.55 by 4.0. 2. 665 19.1 50 per cent tar. 80 4 300 
PAS OPAL Clare | eset eee eraccrat sieve eieisll Sis cise icici IONS Soe emcsicces sssicis eee se |Stemaeie cis Seicineeee 380 
Bs. eee 7.65 by 3.80 by 4.0-. 2. 680 14.8 |\25 per cent creosote, (4) 53 490 
(Wey gsescaue 8. 20 by 3. 55 by 4.15- 2. 850 13.7 75 per cent tar. (2) 6 565 
EASY CT AL Cts] Sie microns ora ceive eral opie ores VANS Sal eppee a ciate snes iste ester Boerne econ eee 527 
se ewe 7.67 by 3.05 by 4. 03- 2.170 16.7 (?) 6 565 
cae ae none 8.10 by 3.60 by 4.0..| 2.670 14.1 \100 per cent var —-—--- { (3) 64 640 
ARV OTA SORA ke ers mectenet wee Sone Som ce eeec BL Ail ee ee aS oa ee Beara a eed neem 602 


1 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 4 hour at 150 pounds. 
2 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 1 hour at 150 pounds. 
3 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 14 hours at 150 pounds. 


In all tests 4 hour was taken to obtain pressure up to 80 pounds. 


TABLE 6.—Treatment of paving blocks with mixtures of creosote No. 4 


tar No. 2. 
Weight 
Block Dimensions of before Pics Ne Preservative proscar 
tag No. block. treat- ap he d used. e: 
ment. eee 
Pounds Pounds 
per per 
cubic square 
Inches. Pounds. foot. inch. 
Die rs 7.65 by 3.80 by 4.0-- 2. 880 17.4 |\75 per cent creosote, { 80 
DD eee oe 8. 05 by 3. 62 by 4.0-- 2. 655 13.7 25 per cent tar. 80 

PASVICTIAG Opn Ae pao coe Seis cals ec sees BSG ial ere se esesrstart a aes a | ee 
Doe eee nas Meo AO iby: 4:05 - 2. 970 17.6 Pe per cent creosote, { 80 
ORS aes 8.00 by 4.2 by 3.5.. 2. 780 14.7 50 per cent tar. (4) 

INGOTAG Oneal temates asia Se oejs,S wtlclls aio wie Satcis GEO 3 el MA Serene ee AeA ee re Ses a 
BY lk Det 7.75 by 3.90 by 4.0-- 3. 090 14.5 je per cent creosote, { () 

Wee Soccer ae 8.15 by 3.60 by 4.0-.- 2.720 13.2 75 per cent tar. (2) 

NVC AP Obsl Bs eeen oo con emo own ccclow camee ce Ge Ree SaaS cee ve oO UGaOSe HS aeEnmaAdce noseaaae 
Baga ecb 7.70 by 3.95 by 4.0. 2. 955 19.4 (3) 
Nereis te 8.20 by 3.58 by 4.0..) 2. 880 14.1 }00 SOTO ER cas cc { (4) 

PAS COLAO Ola Mare earn mio m coals clsie olen |oe wise soho TGS) [iets etree ie cet rm Retest ea Tone 


and carbon-free 


Prod- 
Time | uct of 
of treat-| pres- 
ment. |sureby 
time. 
Hours 
220 
44 340 
gees 280 
53 420 
6 565 
492 
5 415 
64 640 
527 
53 527 
7 715 
621 


1 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 1 hour at 150 pounds. 

2 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 13 hours at 150 pounds. 
3 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 2 hour at 150 pounds. 

4 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 2 hours at 150 pounds. 


Tn all tests 4 hour was taken to obtain pressure up to 80 pounds. 
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Taste 7.—Treatment of paving blocks wiih mixtures of creosote No. 4 and carbon-free 
gas-house tar No. 3. 


Weight | preserv- F Time ae a 
Block Dimensions of before ane Preservative Pressure.lof treat-| pres- 
tag No. block. treat- | psorbed. used. sl anentalleune i 
ment. : Liane 
Pounds Pounds 
per per 
cubic square 
Inches. Pounds. | foot. | inch. | Hours. 
SUR os oh} 7.71 by 3.77 by 4.0... 2.770 16.1 |\75 per cent creosote, { 80 4 260 
RA os 8.15 by 3.62 by 4.15... 2. 820 12. 4 25 per cent tar. 80 3 340 
INGOT ALO Wa| oe iele = eeielayaelarataratey slay laiei<|| eiar=tataletetafore Ue 303) Bonne aa meee sco GsCec oral jooa6q0500 hosnnsas 300 
LV (betes ac 7.75 by 3.45 by 4.0... 2. 580 19.0 |\50 per cent creosote, { (4) 63 640 
Wisoedeegsne 8.15 by 3.55 by 4.2... 2. 880 12.2 |f 50 per cent tar. (2) 7 715 
INIGLETHS | Ippon conaba 55° seo boId jpdaqsuaedd UGB) | Beoapad pcan sacqqn nod |Sa505550) bosases. 677 
a eee he 7.75 by 3.85 by 4.0... 2. 920 17.0 Ne per cent creosote, (2) 7 715 
Ll Saas 8.15 by 3.60 by 4.1... 2. 855 9.6 75 per cent tar. (8) 7 790 
JANET S24 cup nao ooacodaccss [boo Bodaacuacc 1G), | boo ScocobaadaKscchbepallasocogccds| bhooasss 752 
PUSS ees 7.75 by 3.10 by 4.0... 2. 335 18.6 { (4) 72 827 
pies ed 7.95 by 3.60 by 4.0...| 2. 660 11.9 100 per cent tar.....-}) (5) 8 865 
IAW ETAL Cie eetiscertlecmaeeecioe sic [eect eine 15. 2.) sco stiches cae seel Meena ees oeee eee 846 


1 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 13 hours at 150 pounds. 
2 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 2 hours at 150 pounds. 
3 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 23 hours at 150 pounds. 
4 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 2? hours at 150 pounds. 
5 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 3 hours at 150 pounds. 


In all tests } hour was taken to obtain pressure up to 80 pounds. 

TaBLE 8.—Data upon the relative absorptions and penetrations into longleaf pine of 
mixtures of equal parts of creosote No. 4 and by-product coke-oven tar No. 1 with different 
amounts of free carbon (normal amount of free carbon in tar, 6 per cent, by weight). 


Character of preservative. 


Aver- Weight 
| age «cane. |Of speci- _ | Aver- 
, Be reo [Specie] typat | Men. | serva- | 288, 
Specimen No. anintal |e Rar” |) CheOsal catcivoni| Guaeae yy one ly be tive | tudinal 
=f sote |. : at |(Engler ab- 
rings | No.1. | 1604, [22 MiX-| 149° B. | viseo- | OTE |sorbed.| Rene 
per TS AV UUES) (60° C.) sime- treat tration, 
inch. ; a ment 
Ieee || Je Bis ||. IP ik 
by vol- | by vol- by 
ume. | ume. | weight. Lbs. | Lbs. Ins. 
RAE Sap ay oc US Ao 22.0 50 5O}|Uiracesslnm 127, 1.6} 4.008 . 200 5. 20 
Um aera eee heel ce betes ee 15.0 50 50 | Trace. | 1.127 1.6] 3.444 151 3.98 
AV OTAL Os ase esse eee 1 ESF a eee epee Se pes Sa ee Oe) a eden | one eee edie 176 4,89 
eats eRe PRGA A 23.0 50 507/14 {has | 9 a 70) auigon etioos aes 
TRO Aa 1a Oe oes et aes a ee ee 17.0 50 50 1 1,128 Wil toe 2o0 130 3. 50 
Average...... 20.0!) sce crfatall Said Shvse rll esomcerell Sas seccel Mase oss Lee . 126 4.03 
Reger ct at ume Y 8 THO 50). -1..51/1b 120) |), ©-1.7i] essere) eesT00n mumeanon 
eee seater ae matte ee ke 16.0 50 50 1.5 1.129 15 ¢/ 1. 444 O87 2.73 
Average....... 18s Dooce Mice eee Reese Gel eee cma Sees | eee 094 3.35 
MS oneeact SAAR ee eee 21.0 50 50 2.5 |) 15130 1.5 | 4.390 098 3. 82 
Reece ine Sat od 16.0 50 50 | 2.5 | 1.130 1665 |) 8h a 078 2. 80 
ASV OTALOS. sccm saci se 1 RCRD ol eee [etree tis, Ny eaeeee rd | (ire er et ea a O88 3. 31 
Neeser eee = 305 Seino cence 20. 0 50 50 3 1. 132 1.7] 4.095 063 3. 12 
mise ce eee elas once ene pene 16. 0 50 50 3 1.132 IGT Shige} 060 2.73 
ANVOLS PO sere erie cece ce 1A JS) RN (ed i lhe aa as 062 2. 93 


Average moisture in specimens about 11 per cent. 
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TasLE 9.—Data upon the relative absorptions and penetrations into longleaf pine of 
mixtures of equal parts of creosote No. 4 and by-product coke-oven tar No. 2 containing 
different amounts of free carbon (normal amount of free carbon in tar, 16 per cent, by 


weight). 
oct: Character of preservative. Weight | 
age | of speci- Pre A ver- 
num- : men age 
«| ViSCOS-| 4: serva- F 
. ber - Specific] :, direct- say longi- 
Specimen No. annual Tar Creo- aye gravity nec ly be- we tudinal 
TINgS | No.2. | 8° lin mix-|,, 2, |(Engler| {7@ | sorbed.|,Pene 
per No. 4. | tare. | 140 10 viscosi-| 'reat- tration. 
inch. * 1(60°C.) meter) ment. 
PEACE eect 
by vol- | by vol- | P.ct.by 
ume. | wme. | weight Lbs. | Lbs. Ins. 
EAS hoe Bethe. ates aie Se 16.5 50 50 | Trace 1-132 lel 450216 OO; 2.61 
(Go Bee gE se eae ee CIP erraE ae 15.0 50 50 | Trace 1.132 Uae 4.115 . 025 1.39 
BASVICTAG Clea testes Satay leseseresieo| leeepete me ne ree es eee Sierra SI HC aoe te al ae earl pt - 048 2.00 
1S pAgeaeod eee ence aeEeeae 17.0 50 50 3 1.140 1.9 | 4.178 . 064 2.82 
re DEP AE SES CS Rey 16.0 50 50 3 1.140 1.9 | 4.376 016 1.10 
J iGO oe Bo deeoeaneee IG ue eeen Bases ce eh bee a pooece sa sean aealbercaces 040 1.96 
IDES Bene ge Goce Mrces teeta ae 16.0 50 50 5 1.147 1.9} 4.123 049 2.45 
Gelatin pa Sa 16.5 50 50 5 1.147 1.9 | 4.280 .012 80 
IAWVCTAGOs)4. Ss Sane eee LUGS | eee sak ol nes anise ol ls Sens ee |--------|--------]-------- 031 1.63 
ease BORE ys eens ce. 16.0 BOI au 5Os | Oebi |p dudb2 |) uiak0) | Wealaosil Metoson numbanas 
Gaara Baars ne a hres 17.0 50 50 Gadel 52 2.0] 4.315 009 .80 
IAWVCLOS Creesem eee NG G)s eeo ees |asctecn salle Se acces |Seoee ser 6 eset ss ie erse et . 029 1.62 
WaGhe yaa ee oa eS Se 17.0 50 50 8 1.159 2.6 | 4.1385 - 047 2.00 
(CES, Sh NS Ph AE an 16.0 50 50 8 1.159 2.6 | 11.673 - 008 15 
PAGVCT AS Crys aa see iis NOD |lGocosesc lee | Me Apl  seeegeaillpncody Culeee uate 027 1.58 


1 Short specimen. 


Average moisture in specimens about 5 per cent. 
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TaBLE 10.—Data upon the relative absorptions and penetrations into longleaf pine of 
mixtures of equal parts of creosote No. 4 and tar No. 3 containing different amounts of 
free carbon (normal amount of free carbon in tar, 50 per cent, by weight). 


Character of preservative. 


Aver- Weight 
age ofspeci-| pre. | Aver- 
ue ickes | ae | = oe 
Specimen No. . 7iscos- “| tive : 
2 ee Groo- |e tee Spe ity at | ly be | ap. ne 
zmes | Tar O- | carbon | 8!4¥1tY | 769° F.| fore |sorbed.| ,P©2 
per + sote es PE treat- tration. 
: No.3. | 7 in mix oF (Engler 
inch. No. 4 ae 140° -|Viseosi-| Ment. 
| (60° C.) mele 
| ICE) ReaCEe 
by vol- | by vol- |P.ct.by 
| ume. ume. | weight. Lbs Lbs. Ins. 
i ey Pepe Soe ie a oe ee aA 14.0 50 50 | Trace. | 1.127 1.6]11.580| .053 3.16 
Ee eS tee ee 15.0 50 50 | Trace 1.127 1.6] 4.187] -029 2.82 
Wvericens os ee ii ta eae ee pies ex ee ees date 0S, CS | | .041 2.99 
1 ee ey De 14.0 50 50 ra ae eo Cn al er re ee ee 
1 oes a ee 12.0 50 50 4.5 1.133 1G | 11.667 - 023 1.69 
————————————————— 
iN yerives te 0. | eee Pe Ree es ee eS 034 | 2.00 
SSS ee ee Sa ee SESE SS SSS 
Be Eee ee eae be 12-0 50 50 | 6 | 1.142 1.9 | 4.453 -019 2.25 
laf ee ee 12.0 50 50 | 6 1.142 1.9 | 4.357 - 007 1.13 
Average. 2 os essece| 19: 0.|['es io ewe bee ee hie ot eee | .013| 1.69 
1 EY, Weare cha ae ae ig ge ca 12.0 50 50 8 1.146 2.0 | 11.704 -031 1.50 
R633 eee Bee oe 13.0 50 50 8 1.146 2.0 | 4.097 -010 1.25 
WReverace 7-5 ee, ay 3 Tes ewan. eee ee ee | 021} 1.38 
BEA ee BRR Se 14.0 | 50| 50| 12 1.152 2.5 | 4.407| .037 2.54 
13 I 5 empties 3s 13.5 50 50 12 1.152 225 4.040 007 1.18 
IA VOTALC= Si 5. Soe 13.8 | Sm ie) eee ee |---==-55 poeeae. Saree | -022 1.86 
BE mee a 720 )|e 50 50 | 15 1.166 2.5 |11.826| .038| 3.00 
FE ee er eae 13.0 50 50 15 1.166 PA 1. 664 -016 1.39 
AAV CLAS Cesena eee . 027 2.20 


1 Short specimens. 
Average Moisture in specimens about 6 per cent. 


TaBLeE 11.—Treatments of paving blocks with 50 per cent creosote No. 4 and 50 per cent 


tar No. 1 having varying percentages of carbon. 


Weight | presery- rime) etal 
Block Dimensions of before pee Preservative Presta lok eee ee 
tag No. block. treat- |p; DERE used. Ssae een 
ment = =| | 25 Ha 
Pounds Pounds 
per per 
cubic square 
Inches. Pounds. Jeet. inch Hours. 
1 ee | 7.70 by 3.75 by 4.0... 2. 830 15.0 | 50 per cent creosote... 4 300 
3 eee 8.15 by 3.50 by 4.2... 2. 860 14.8 | 50 per cent tar with @)= 3s 495 
13 per cent carbon. 
PM OTALO Satan eo oa Sees ce eee 1 | oe se eae eee err = 397 
—SS= 
Ape Poe 7.70 by 3.84 by 4.0-. 2. 855 16. 2 | 50 per cent creosote-. 80 5 380 
DEP oe. 8.20 by 3.60 by 4.15.. 2. 900 15.2 | 50 per cent tar with (2) 53 490 
3 per cent carbon. | 
Average 15.7 435 


ens Bete a | _| 2 iS = aaa 


1 Five hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds. 
? Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; one-half hour at 150 pounds. 


In all tests one-half hour was taken to obtain pressure up to 80 pounds. 
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TABLE 12.—Treatment of paving blocks with 50 per cent creosote No. 4 and 50 per cent 
tar No. 2 having varying percentages of carbon. 


Weight 
Block Dimensions of before 
tag No. block. treat- 
ment. 
Inches. Pounds. 
Sa Gee eoeee 7.65 by 3.80 by 4.0... 2. 760 
Senseo 8.15 by 3.60 by 4.0... 2. 740 
SANV CTA L Oem [asic a Sao s sia nee eae ee reiaieieieeete 
Soe ae 7.65 by 3.80 by 4.0.. 2. 750 
4Ser ates 8.10 by 3.62 by 4.0.. 2. 690 
SAV CTA BO slic oscars are wiawinslateictetatal [Peeters Saas 
eee aia, Aa 8.15 by 3.62 by 4.0. 2. 790 
OO a oc acen 7.68 by 3.80 by 4.0... 2. 760 
FANV CT ALO mts Naas ee cle iene ce Sciisiel| cimsios lieisis 


= ae Time 
Preserv - Preservative Prescuresioktreat! 
ative used. ne 
absorbed. BeOS 
Pounds Pounds 
per per 
cubic square 
Feet. inch. Hours 
16.1 | 50 per cent creosote. . 80 6 
15.3 | 50 per cent tar with () 63 
per cent carbon. 
1B ill SED ORS COBB RenOCe A SeEE| ememacacis Saoaa ccs 
ee 
17.7 | 50 per cent creosote-. (2) 5 
14.9 | 50 per cent tar with (3) TE 
10 per cent carbon. 
LOND [re Ae SN ee ols ea oe S| yore 
16.5 | 50 per cent creosote-. (4) 8 
16.8 | 50 per cent tar with 80 54 
16 per cent carbon. 
16.7 | 


ed se i 


Prod- 
uct of 
pres- 
sure by 
time. 


460 
640 


550 
415 


790 


602 


865 


420 


642 


Tn all tests one-half hour was taken to obtain pressure up to 80 pounds. 


1 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 14 hours at 150 pounds. 
2 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds. 
3 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 24 hours at 150 pounds. 
4 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 3 hours at 150 pounds. 


TABLE 13.—Treatment of paving blocks with 50 per cent creosote No. 4 and 50 per cent 
tar No. 3 having varying percentages of carbon. 


Preserv- 
ative 


absorbed. 


Prod- 
uct of 
pres- 
sure by 
time. 


Weight 
Block Dimensions of before 
tag No. block. treat- 
ment. 
Inches. Pounds. 
Qs ceae 7.70 by 3.85 by 4-.-.- 3. 150 
20....-..---| 8-20 by 3.55 by 4..-.- 3. 180 
PAV CTA EC ae seiaciewis ae sie ios sistas ae seers 
Ieee soos 7.75 by 3.85 by 4-... 3. 220 
BO mate ese 8.13 by 3.62 by 4..... le 25700 
PAV CTALCre see secret ema teeis| ecm eiiae aie 
iS eee esa so 7.70 by 3.95 by 4...- 2. 930 
DS a eee 8.20 by 3.60 by 4.2. 2. 980 
IMR Ose ao Sos aednansceceease| Soocseceas 
Bie eer 7.70 by 3.10 by 4...-- 2.345 
See aeaars 7.93 by 3.62 by 4....- 2. 605 
INORG sal Pe Sodeacodacooaseccese paseoocone 


13.9 


: Time 
ESSN EEN Pressure. |of treat- 
: ment. 
Pounds 
per 
square 
inch Hours 
50 per cent creosote. () a 
50 per cent tar with (2) (Rs 
9 per cent carbon. 
50 per cent creosote. @ res 
50 per cent tar with G ih 
16 per cent carbon. 
50 per cent creosote. 3 7 
50 per cent tar with ¢ 2 
24 per cent carbon. 
50 per cent creosote. (®) 7 
50 per cent tar with (°) 73 


30 per cent carbon. 


1 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 2 hours at 150 pounds. 

2 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 23 hours at 150 pounds. 
3 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 2} hours at 150 pounds. 
4 Four and a half hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 2} hours at 150 pounds. 
5 Four hours at 80 pounds; 1 hour to obtain pressure up to 150 pounds; 2} hours at 150 pounds. 


In all tests one-half hour was taken to obtain pressure up to 80 pounds. 
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Taste 14.—Data upon the relative absorptions and penetrations into longleaf pine of 
jive different commercial creosotes. 


ee ee ee a 


Aver- 
. number 
Specimen | ynual Character of preservative. 
No. F 
rings 
per 
inch 
Wi te ee 19.0 | Creosote No. 1 containing tar (estimated at 
about 10 per cent). 
A-D-8...:.. Pe Oeaodéancocdnacacdseadeoouconecuuooodesobocedad 
Average.-| 18.5 |... - 2c cccnenwwe ccc ccrccteccwecncececieccsicsn= 
Wind eens TONON|P@reosoteyNo.n2 esas se cael ce emceeaeeeee 
yA DE eee ASS OH Quilicc.s Sotbies cielo toiclere sisters aise oibre loc sre pavelerainievavortersietetovets 
Average. - 1192, & SeeosouctnbdooondoogsadEgedoueseocanGHsod0bees 
WET ae aes 21.0 | Pure coal-tar creosote No. 3.....-......---.-- 
A-D-10..... ONO operon ave eisiaretevore icieie mleloininis elolotalolerelaererorsiererereierete 
Average... 1135} leSadeoenooccoasockosudS gongs aooRcsodSOSeDe00NC 
Weis SEP ose 20.0 | Creosote containing tar No. 4.(estimated at 
less than 5 per cent). 
A-D-1...... DaQ! Se oScnewecuieccm cows aces cee meneame 
DOYS 6|| IEG) |ISooooscsoopsoooneaccasos pooecdopesoecoggueonee 
Wess oe ane 21.0 |) High-boiling,creosote No. 5-:.2.5-.--- = sees ee- 
LED Eaa te 650 Bocmene socnocdoooAnenpoSECnSnabospocpasnoadcous 
Average. - HBO's | oles erecstaree ole etneterctorc rare isos terete esevc eh acre ter 


Average moisture in specimens about 6 per cent. 


Weight of 
: specimen 
Specific | “Girectly 
gravity bef 
FeO] Sees 
: treat- 
ment. 
Pounds. 
1. 0483 3. 493 
Be yee s 4,517 
BUCS 3.118 
ae ena 3. 801 
"1.0576 | 3.120 
Meese? 4, 291 
GivO7ia he 3.010. 
Bh Seka at 3.976 
S105 pe ae 3.078. 
SUS, RRA 4. 828 


Aver- 
age 

preserve tong 

tudinal 
sorbed. 
penetra- 
tion. 

Pounds. | Inches. 
0. 072 3. 58 
- 107 4.72 
. 090 4.15 
- 152 6. 58 
. 292 8. 72 
222) 7.65 
-170 7.18 
. 249 8. 66 
. 210 7.92 
- 090 3. 80 
. 224 7. 60 
. 157 5. 70 
076 Sls 
. 096 5. 26 
- 086 4.50 


TABLE 15.—Showing the effect on absorption and penetration when varying mixtures of 
tar No. 4 and creosote No. 6 are used. 


Ncleet ae Pressure Tmeet 
Specimen P efore sorp- F per 
P No, |Length.|Breadth.| Depth.| treat. et Preservative used. equine Real 
ment. inch. ENON 
Inches.| Inches. | Inches.| Pounds. | Pounds. Pounds. | Hours. 
IDS ee 23.05 3. 50 1.50 2.590 TSO ear ee ee eS Sa UP ee | ay | 
Binet ae eie 24. 20 Be00 1.55 2.780 wlQ0n | ECreosotessseeeeme neo eeee 80 2 
Wei sacsbe Q3e'5 3. 50 1.50 2.610 QD SR SRS NS Sas aera | ere | ere en 
PAN VICT ACO | focete tis e/evel (averevs te eretavel faves areca eres ie ela crave are alii) 
De i ee 23.15 3.50 1.50 3. 027 O70} <80ispericenticreosote=sses* ole sere |e 
[DPE ea signe 24. 20 3. 50 1.50 2. 698 -1665|20)spenicent tarteseeeeseecee 80 Zz 
ao ems es 23. 05 3. 50 1.50 2.596 Pi Vk es ence ra ees een EN Nn) IMIS ANE NSH andar ES 
PARV CTA POU [States ec cer eile iae ce a eee tue 125 
IDE assnsne 14. 40 3. 50 1.50 1. 923 «057 | (662, pericent creosote s2225) 425 see eles cee 
ISOs sooose 24, 20 3. 50 1.50 2. 920 . 180 | 33% per cent tar...---...... 80 2 
We oases 23.05 3. 50 1.50 2. 607 SOB! || le Sree Seiais.n Sees eat yes Sete aes | ree ee 
INOS iat sas lbaesedacd beoneene peccsoacee - 113 
ae Agen erase N eat sar 
pecimen i ongitudi- (0) ep - 
No. Neg nal pene- annual | of hole. Preservative used. 
oor creations rings. 
Sq. in. Inches. 
IDE ee as eee 10.8 4.9 14 1.00 
1D ace se 19.0 9.1 12 .99 | Creosote. 
RG aap asee ii \yal 6.0 14 1.00 
INS pee See e ee 6.7 
19) 98. aoe eam 8.4 3.7 16 1.00 | 80 per cent creosote, 20 per cent tar. — 
1B) pa rn ere aay 7.0 12 1.00 
NOS See eee 9.0 4.0 18 1.00 
ASV CLAP CW |svreciciceec 4.9 
D-3 Be aoe 1.9 3.2 17 1.00 | 662 per cent creosote. 
Oe ee epee 15.4 Uo? 12 1.00 | 334 per cent tar. 
1 at ete 8.0 OAD 18 1.00 
ASV OTA Om alee snc A 4.6 


sticks were used and one specimen taken from each stick for each 
Average moisture 8 per cent to 10 per cent, 


preservative, 
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TaBLE 17.—Summary of data contained in Table 16. 


Average Average 
pe eine Of Average Average longitu- | Absorp- | Penetra- | Increase Increase 
Preservative. prente absorp- | Dressure dinal tion tion in in 
eed tion. |? 5 penis obtained.| obtained.| pressure.| time. 
: ion. 
Pounds 
% F HIG: ener per sq. ie es Per ue EXT; cn Per cent.| Per cent. 
ITCOSOLC ese Oe oe . S 0 1Q 
80 per cent creosote; 
20 per cent tar....-- 4.05 . 164 80 7.46 99 83 0 1102 
662 per cent creosote; 
33% per cent tar....- . 6.33 2.133 80 5. 98 81 66 0 1917 
80 per cent creosote; 
20 per cent tar....-- 2 -156 128 6. 57 95 73 60 30 
66% per cent creosote; 
334 per cent tar..... 2 - 156 155 6. 38 95 71 94 30 


1 Time varied. 

2 This absorption was obtained with an average of about 53 hours’ treatment. The further increase in 
the time of treatment failed to increase the absorption. 

3 Pressure varied. 


See Note 1, Table 16. 


TaBLE 18.—Data upon the relative absorptions and penetrations into longleaf pine of 
a mixture of equal parts of creosote No. 4and anormal by-product coke-oven tar No. 1 
at different temperatures (normal amount of free carbon vn tar 6 per cent, by weight). 


Average Weight of 


number specimen | Preserva- | ,“rVeTag® 
Specimen No. annual | Tempera- | directly tive longitudi- 
rings per ture. before | absorbed. | 22! pene- 

inch. treatment. tration. 

: oF Pounds Pounds Inches 
STONE rete ete a ec areca dle lyk A a me 12.0 160 PA tO 0. 04 2.98 
7AM EY Es Sp SS eR Sa AES 8.0 160 2. 630 0. 039 2. 92 

SNS YGF ee eee oe CS A BA nin Saat i OS Qa Ne Son Sees etna ae aaa NE aya 0. 042 2.95 
TEXe eae Se 2 arate! Moe Sa rE 9.0 180 2. 605 0.045 3.00 
NET ED ES NE ea dl Se eet a Nem le gi Rc 11.0 180 2.635 0.075 4, 23 
ASV OL ASO )ciss aan oe ep aio iste ie a iereneres iets LOS OG Secale. | | Sea eco 0. 060 3. 62 
ID a pa a Te neo ees CIR ea 11.0 190 2. 728 0. 038 3.18 
WV es ee ee SE spears ee 9.0 190 2. 473 0. 092 3.45 
AV OTOL Oe Sons cn cick cine ace ae eee nesses LO NOR) eens ee am eer ene eee 0.065 3. 32 
LIDS beds HES ete Pao ttn a ee 10.0 200 2.578 0. 067 3 97 
ATAU Re ON Sane SUE SO RS Ona SSeS Seb OE aGe ae 8.0 200 2.615 0. 103 4.76 
SAWOLAL OS ose cate ocean cee ONOM as Meee ae liea ee Meee ane 0.085 4. 36 
TORE eae EL Ae sles Se aaa 10.0 210 2. 480 0. 094 4.76 
NST DS Fa Ps) S52 a aay a | Oe eas 9.0 210 2. 454 0.115 5. 42 
PAV OTA L Omar sea ie ice ease ee eee te [ict aerate a UN ad ee <n pe 0.104 5. 09 


Average moisture in specimens about 10 per cent. 
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TaBLE A.—Showing composition of treating oil. 


(See penetrance specimens on Pl. IV.) 


CNEL (eat N03) Sener 
Piece No. | per cent of in per cent of 
total oil by ie Ee total oil by 

volume. | °Y ‘| weight. 

1 0 100 Trace. 

2 25 75 Trace. 

3 50 50 Trace. 

4 75 25 Trace. 

5 100 0 Trace. 


TABLE B.—Showing composition of treating oil. 


(See penetrance specimens on Pl. V.) 


Tar: 
Cree Amount of Free 
< per cent ot carbon carbon, 
Piece No. rotaloil Percent | normalto | percentof| Tar No. 
by of lel oil | the tar, ; = sole! He 
z y per cent of | by weight. 
volume. | volume. total 
weight of 
tar. 
1 50 50 6 Trace 1 
2 50 50 16 Trace 2 
3 50 50 30 Trace 3 
4 50 50 6 3 1 
5 50 50 16 8 2 
6 50 50 30 15 3 


TABLE C.—Showing composition of 
treating oil. 


(See penetrance specimens on PI. VI.) 


TaBLE E.—Showing tempera- 
ture of treatment. 


Creosote Tempera- 
Tar No. 2 = 
oNoclog| Pet eent of) Carbon ies Ne 
Piece No. rar Ail total oil per cent : 
By. by by weight. 
volume. volume. 1 160 
2 180 
3 190 
1 50 50 Trace. 4 200 
2 50 50 3 5 210 
3 50 50 5 
4 50 50 6.5 
5 50 50 8 
TaBLEe D.—Treating oil. 
(See penetrance specimens on PI. VII.) 
Piece No. creosote Treating oil. 
1 1 | Creosote containing tar (estimated at about 10 per cent). 
eZ 2 | Creosote. 
3 3 | Pure coal-tar creosote. 
i 4 | Creosote containing tar (estimated at less than 5 per cent). 
5 5 | High-boiling creosote, 


(See penetrance specimens on PI. XT. 
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